The study aimed to investigate whether the Egg White Hydrolysate (EWH) is able to prevent the recognition memory disorders associated with long-term Hg exposure in rats. For this, male Wistar rats were treated for 60 days with: a) Untreated: saline by atomic fluorescence spectrometry. We confirm that the STM and LTM were impaired in adult rats exposed to Hg at low concentrations, which may be related to the increased metal deposition, ROS production and subsequent oxidative damage in the hippocampus. In addition, we demonstrated for the first time that EWH treatment is able to prevent memory impairment induced by Hg exposure, reducing Hg content and ROS production in the hippocampus. In conclusion, EWH prevents memory impairments induced by chronic exposure to low doses of Hg. These findings may represent a good public health strategy since they indicate that EWH is a promising candidate as a new natural therapy for heavy metal intoxication.
For many situations of metal induced-oxidative damage, strong chelating agents can be used to remove heavy metals while synthetic antioxidants can help to eliminate the free radicals generated (Haber and Gross 2015) . However, the toxicity of these chemical compounds limits their therapeutic application (You and Wu 2011) . In this 
2014).
Despite well-established evidence of oxidative damage to the Central Nervous System (CNS) and memory consolidation promoted by Hg, there have been no studies reporting the effects of bioactive peptides from egg proteins as an antioxidant therapeutic alternative for this metal exposure. Thus, the aim of our study was to investigate whether dietetic supplementation with EWH is able to prevent recognition memory disorders associated with long-term Hg exposure in rats.
MATERIAL AND METHODS

Preparation of EWH
EWH was prepared by pepsin hydrolysis of crude egg white, as previously described (Garces-Rimon et al. 2016). Briefly, commercial pasteurised egg white was hydrolysed with BC Pepsin 1:3000 (E.C. 3.4.23.1; from pork stomach, E:S: 2:100 w:w, pH 2.0, 38ºC), purchased from Biocatalysts (Cardiff, United Kingdom), for 8 h. Enzyme inactivation was achieved by increasing the pH to 7.0 with 5N NaOH. The hydrolysate M A N U S C R I P T
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was centrifuged at 2500 x g for 15 min and the supernatants were frozen and lyophilised.
Animals and experimental design
Male Wistar rats were purchased from Central Vivarium of Federal University of Santa Maria (RS/Brazil) and maintained in cages (5 animals each cage) in controlled environmental conditions (temperature 23°C, humidity 60%) with a 12 h light/dark cycle, free access to tap water and fed with standard chow ad libitum. Rats were divided into four groups (n = 12/group), which were treated for 60 days with: a) Untreated: µg/kg/day, to cover daily loss, using a previously described model (Wiggers et al. 2008) and tap water by gavage; and d) Hydrolysate plus Mercury: received both treatments, HgCl 2 by intramuscular injections and EWH by gavage.
During the treatment, manipulation of the animals was performed following the appropriate safety measures and general health, body weight, food and water intakes were recorded once a week. At the last week of treatment, the animals were submitted to control behavioural experiments (open field, plus maze and tail flick; day 01), followed by memory tasks (object recognition test; 02-06 days). At the end of the treatment period, rats were anaesthetised with a combination of ketamine and xylazine (87 mg/kg and 13 mg/kg, respectively, i.p.), and euthanised by decapitation. and the pellet was discarded, while the low speed supernatant (S1) was kept for subsequent biochemical and chemical measures.
Reactive Oxygen Species (ROS) measure
ROS levels were assessed spectrofluorometrically in the hippocampus using 2,7-dichlorofluorescein diacetate (DCFH-DA) as a probe, as previously described (Ali et al. 1992 ). The sample (S1) was incubated in the dark with 5 µL of DCFH-DA (1 mM). The 
Lipid peroxidation determination
Lipid peroxidation was evaluated in the hippocampus by the Thiobarbituric Acid
Reactive Substance (TBARS) assay (Ohkawa et al. 1979) . In this procedure, an aliquot of S1 was incubated with a 0.8% thiobarbituric acid solution, acetic acid buffer (pH 3. 2) and sodium dodecyl sulphate solution (8%) at 95°C for 1 h, and the colour reaction was 
Data analysis and statistics
Data are presented as mean ± SEM. The OR task results were converted to a percentage of total exploration time and were analysed using a one-sample t-test considering a theoretical mean of 50%. The OF, PM and TF tests data were analysed using ANOVA followed by Duncan post hoc if necessary. Biochemical results were compared by ANOVA followed by Bonferroni post hoc. Values of P < 0.05 were considered significant.
RESULTS
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Water and food intake and body weight
There was no change in water and food intake of rats after Hg exposure for 60 days or in those groups that received the EWH co-treatment. Body weight was also similar between the experimental groups (P > 0.05; data not shown).
Short and Long Term memory
During the training session, rats from all treatment groups explored the two objects (X and Y) for a similar percent of total exploration time. As expected in the testing sessions, the percent of time that untreated rats spent exploring the new object was significantly higher than 50%, indicating a preserved memory (66.96 ± 7.69%; P < 0.0001 for STM and 69.31 ± 10.99%; P < 0.0005 for LTM). However, Hg-treated rats spent about 50% of the total time exploring the familiar and about 50% exploring the new object (W or Z) in both sessions, 3h and 24 h later, suggesting STM and LTM impairments (55.29 ± 22.09%; P = 0.39 for STM, and 53.80 ± 16.00%; P = 0.47 for LTM). Rats that received both treatments, Hg and EWH, spent more than 50% of the total exploration time exploring the new objects (73.55 ± 9.77%; P < 0.0001 for STM and 61.47 ± 2.63%; P < 0.0001 for LTM), indicating that EWH intake prevented the recognition memory deficits induced by the metal ( Figure 1A and 1B).
Control behavioural experiments
None of the treatments altered the number of crossings and rearings during the 5 min long free OF exploration session (Crossings, n -Untreated: 60. 
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Hippocampal ROS levels, lipid peroxidation and total antioxidant capacity
The levels of ROS were significantly elevated in hippocampus of Hg-treated rats compared to untreated rats (P < 0.002, Figure 2A ). However, Hg intoxication did not change the MDA levels/lipid peroxidation in this tissue (P = 0.11, Figure 2B ). Cotreatment with EWH caused a significant reduction in ROS levels (P < 0.002, Figure   2A ), suggesting that it was able to prevent the oxidative stress caused by long-term Hg exposure. Regarding hippocampal total antioxidant capacity, the results showed that antioxidant capacity was not affected by Hg-treatment in this tissue (P = 0.80), while EWH intake caused a reduction of the antioxidant capacity power in hippocampus of rats exposed chronically to low doses of HgCl 2 (P < 0.0001, Figure 2C ).
Hg levels in brain and hippocampus
Rats from the Hg group exhibited a significant increase of Hg levels in the brain and hippocampus after 60 days of treatment (P < 0.0006, Figure 3) . However, the metal levels in the group that received the co-treatment of EWH were similar to those in the M A N U S C R I P T
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untreated group (P = 0.70) and significantly reduced in comparison to the Hg group (P < 0.0006, Figure 3 ). These data show that Hg accumulates in the brain and hippocampus and suggest that EWH was able to prevent metal deposition in this tissue.
DISCUSSION
In the present study, we demonstrated for the first time that EWH treatment is able to prevent STM and LTM impairments induced by chronic exposure to low Hg concentrations. In addition, we suggested that this memory deficit may be related to the metal deposition and oxidative damage in the hippocampus of adult rats exposed to this metal.
The hippocampus is involved in learning and memory functions and plays a elucidated in that situation, the mentioned study was important as it showed that even lower concentrations than those previously studied, which are within the limits set by regulatory agencies, also promote impairment in the CNS in the long-term.
On the other hand, in the current study, the Hg concentration in the blood of In this current work, we showed that the EWH intake was able to prevent deficits in STM and LTM object recognition promoted by Hg at low concentrations. Some neuronal dysfunctions are related to oxidative stress in the hippocampus promoted by the imbalance of ROS and antioxidants enzymes (Zhang et al. 2016 ). In the present study, we observed that the administration of Hg significantly increased hippocampal ROS formation and suggested that the memory impairment observed is associated with oxidative stress promoted by this metal. This result is in agreement with previous that reports increased ROS production in the brain and mitochondria after chronic Hg exposure (Kim et al. 2015 ). We have also described increased plasmatic and vascular ROS production and MDA levels in this model of exposure . Despite this evidence of lipid peroxidation in the cardiovascular system, no differences were found in MDA levels in the hippocampus after Hg exposure compared to untreated rats in the current study. It suggests that it is not possible to observe M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
membrane damage and lipid peroxidation in this brain area following this level of exposure, which usually occurs after a certain period of exposure to ROS.
The EWH intake was able to prevent the increase in ROS production by Hg exposure in the hippocampus, proving antioxidant activity in vivo. Biological activities of protein hydrolysates are related to the composition and sequence of the amino acids, as well as the size of the peptides (Rao et al. 2012) . The antioxidant activity of some peptides is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donators, and singlet oxygen quenchers. In addition, they have a metal chelation potential (Ding et al. 2015) . The presence of Tyr and Phe amino acids in the peptides is related to scavenging free radical properties (Sun et al. 2014 ). In addition, on OR task and tested 3 h later to evaluate STM. In the training session, the animals were exposed to objects X and Y. In the test session, the rats were exposed to a familiar (X) and to a novel object (W). B. The animals were trained on OR task and tested 24 h after training to evaluate LTM. In the training session, the animals were exposed to objects X and Y. In the test session the rats were exposed to a familiar (X) and to a novel object (Z). Data are expressed as mean ± SEM of the percent of total exploration time; * P < 0.05 in one-sample t-test, considering a theoretical mean of 50%; n = 12 per group. To whom it may concern, RE: Proof-Reading-Service.com Editorial Certification This is to confirm that the document described below has been submitted to ProofReading-Service.com for editing and proofreading.
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